A trend of shortening duration of ice coverage has been reported in many rivers, ponds and lakes around the world due to climatic warming [1] [2] [3] [4] . The shortening will have much influence on organic production due to the greater supply of light intensity and hence on water quality. Chemical Oxygen Demand (COD), a useful measure of water quality, has been monitored over the past thirty years in Saroma-ko Lagoon, a boreal lake in Japan characterized by wintertime ice coverage 5 . Here the data set of water quality in the lagoon is analyzed to reveal long-term trends in COD and the influence of climatic warming on such trends. There has been a significant increasing trend, caused primarily by an abrupt increase in the early 1990s. However, the increase could not be explained by the increased load of organic matter on the lagoon from the river basin and organic production in the lagoon. On the other hand, periods of freezing of the entire surface have tended to be shorter with inevitable thinning of ice over the past forty years 6 , probably due to climatic warming. Ice and planktonic algae are exposed to the low light intensity in situ, which is not optimum for the algal production of organic matter [7] [8] [9] . The shortening and thinning should thus bring an improvement in ambient light conditions for algae, resulting in an increase of organic matter in winter. Most of the organic matter possibly remains even after spring because of the low water
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Saroma-ko Lagoon, which is150 km 2 in area and 19.5 m in maximum depth, is located on the northeast coast of Hokkaido (ca. 44°N, 144°E) and is connected to the Sea of Okhotsk by two narrow channels. The lagoon is characterized by wintertime ice coverage. Long-term monitoring of water quality has been carried out by the Hokkaido Government since the early 1970s 5 . A trend of increasing COD has been noted during the past ten years 10 , arousing fear of worsening water quality. It has been suggested that the increase is due to an increase in the load of organic matter from the river basin 10 ; however, a detailed study has not yet been conducted. Hence, the data set of COD during 1975-2006 was analyzed to reveal trends over the past thirty years and factors causing such trends. As a result, there has been a significant increase in COD over the past thirty years, though temporal and spatial variations were observed in each year (P<0.01; Fig. 1a ). For detailed analyses, the mean value in each year was investigated. The mean is affected by extremely high and low values but a significant linear relation was found between the mean and the median by using the data in this The trend of increasing COD over the past thirty years can therefore be due to the high COD after 1994.
The COD test is to measure the amount of organic compounds in the water. There are thus three ways to account for the high COD after 1994. The first is an increase in the discharge of river water with organic compounds. Saroma-ko Lagoon has many rivers and thus variation in the inflow of river water appears as variation in salinity in the lagoon. Saroma-betsu River accounts for about 60% of the area of the river basin and about 80% of the inflow of all rivers 11 . The year-to-year trend in salinity from 1975 to 2006 was examined using the median surface salinity between
May and November except October in each year reported at the station located the mouth of Saroma-betsu River (Fig. 1c) . As a result, neither an increasing nor a decreasing trend was found during the thirty years (P>0.05) and there was furthermore The above indicates that high COD after 1994 was not caused by an increase in organic compounds from spring to autumn, necessarily suggesting that high COD after 1994 was due to events during the winter. The freezing of the entire surface is a unique wintertime event at Saroma-ko Lagoon. A significantly deceasing trend was found in the period of the freezing of the entire surface from 1964 to 2007 ( Fig. 1f; P<0.01). In particular, a remarkable trend of reduction was found from the late 1980s
to the early 1990s. The monthly mean air temperature, monthly mean daily maximum temperature and monthly mean daily minimum temperature in Tokoro Town near Saroma-ko Lagoon tended to increase during the past thirty years ( Fig. 1g ; P<0.05).
Relatively high values were observed in the three temperature measures especially around 1990 (Fig. 1g) . The warming of the air temperature has been indicated throughout Eurasia in some years since 1988 due to the climate regime shift 13 . The long term decreasing trend and remarkable reduction from the late 1980s to the early 1990s are considered to be due to climatic warming and the climate regime shift, respectively.
The decrease in the periods of the freezing of the entire surface causes the thinning of ice while also reducing to area and duration of the ice coverage 9 , resulting in higher light intensity into the lower part of the ice and the seawater under the ice. In winter, ice algae in the lower part of the ice and phytoplankton in the seawater under the ice produce organic matter in the lagoon through photosynthesis 14, 15 . Photosynthetic rates of both algae do not saturate at the in situ light intensity and maximum photosynthetic rates are several times higher than the rates at the in situ light intensity 9, 16, 17 . Organic production in Saroma-ko Lagoon in winter is thus easily expected to increase due to the 6 shortening of the periods of the freezing of the entire surface. Furthermore, most of the organic matter produced possibly still remains with the coming of spring because of low temperatures during the winter, resulting in an increase in COD from spring to autumn. It would be no exaggeration to say that climate warming has contributed much to the high COD since 1994.
The periods of the freezing of the entire surface has decreased gradually since 1964 (Fig. 1f) , implying a gradual increase in COD. It is a fact, however, that an abrupt increase in COD was found in 1994 as well as high COD since 1994 (Fig. 1b) . COD is composed of particulate and dissolved organic matter. There has been no increasing or decreasing trend in transparency, which is influenced by particulate matter (Fig. 1e) , and the same result was found for suspended solids (SS) (P>0.05; Fig. 1h ).
There 
METHODS SUMMARY
The items analyzed in this study were chemical oxygen demand (COD), salinity, 
